Abstract The importance of early-life exposures in breast cancer development is increasingly recognized. However, limited research has evaluated the relationship between adolescent diet and subsequent risk of breast cancer and reported inconsistent results. This populationbased case-control study investigated the associations of dietary fiber, vegetable protein, vegetable fat, and nuts consumed during adolescence with adult breast cancer risk. Women, ages 25-74 years, who were diagnosed with first primary breast cancer between 2002 and 2003, were identified using the Ontario Cancer Registry. Controls were identified through random-digit dialing and age-frequency matched to cases. Diet at ages 10-15 was assessed with a 55-item food frequency questionnaire among 2,865 cases and 3,299 controls. Logistic regression was performed to estimate odds ratios (ORs) and 95 % confidence intervals (CIs). Inverse associations were found between intakes of dietary fiber, vegetable protein, vegetable fat, and nuts during adolescence and breast cancer risk, which persisted after controlling for adult intakes. The ORs (95 % CI) for the highest versus the lowest quintile of intake were 0.66 (0.55-0.78; P trend \ 0.0001) for fiber, 0.80 (0.68-0.95; P trend = 0.01) for vegetable protein, 0.74 (0.63-0.87; P trend = 0.002) for vegetable fat, and 0.76 (0.61-0.95 for C1 serving/day vs.\1 serving/month intake; P trend = 0.04) for nuts. The reduced risk for adolescent intakes of fiber, vegetable protein, and nuts was largely limited to postmenopausal women (P interaction B 0.05). Dietary fiber, vegetable protein, vegetable fat, and nuts consumed during adolescence were associated with reduced breast cancer risk.
Introduction
It is increasingly recognized that early-life exposures can influence a lifetime risk of breast cancer [1] [2] [3] [4] . Breast cancer risk accumulates across the life course with the highest rate of increase from menarche to first pregnancy [5] [6] [7] [8] . Both human and animal data have demonstrated that environmental exposures during preadolescence, adolescence, and early adulthood are more important in breast cancer development than exposures later in life [2, 4, [9] [10] [11] [12] [13] . There may be a critical period of increased biologic vulnerability from menarche, when breast tissue undergoes rapid proliferation, until the completion of the first pregnancy, when multiple physiologic changes in the breast occur and render epithelial cells less susceptible to malignant transformation [13] [14] [15] [16] [17] . This is well exemplified by the observed higher risk of breast cancer among female atomic bomb survivors in Hiroshima and Nagasaki who were less than 20 years old at the time of bombing [2] .
Although the role of adolescent exposures in the etiology of breast cancer is increasingly evident, few epidemiologic studies have assessed the associations between adolescent diet and breast cancer risk. Among women in the Nurses' Health Study (NHS) and the NHS II (NHSII), two separate cohorts of US female nurses, adolescent vegetable fat intake was associated with a significant reduction in breast cancer risk, and adolescent dietary fiber intake was related to a non-significant decreased risk [18, 19] , though these analyses were controlled for benign breast disease (BBD) which might be on the etiologic pathway [20, 21] . In addition, dietary fiber, vegetable fat, vegetable protein, and nuts consumed during adolescence have been inversely related to risk of proliferative BBD [20] [21] [22] among the participants in the NHSII and their daughters. It remains unclear if the results are specific to these populations with similar characteristics or applicable to a diverse population of women. Although adolescent soy food and/or soy protein intake has been associated with significantly reduced risk of breast cancer [4, 10] , vegetable protein intake per se during adolescence in relation to adult breast cancer risk has not been evaluated.
We, therefore, examined the associations of dietary fiber, vegetable protein, vegetable fat, and nuts consumed in adolescent years with risk of breast cancer in a large, population-based case-control study. We also evaluated the associations by menopausal status, adult body mass index (BMI), and family history of breast cancer at cancer diagnosis.
Methods

Breast cancer cases and controls
The Ontario Women's Diet and Health Study is a population-based case-control study of exposures across the life course and breast cancer risk, which was described in detail elsewhere [23, 24] . Briefly, women diagnosed with histologically confirmed, first primary invasive breast cancer at ages 25-74 between June 2002 and April 2003, were identified through the Ontario Cancer Registry. Controls were selected from Ontario households by random-digit dialing and frequency matched to cases within 5-year age groups. Between 2003 and 2004, cases and controls were mailed questionnaires including information on a variety of health conditions and behaviors, including diet during adolescence and adulthood.
Dietary assessment
Diet during adolescence (defined as ages 10-15) was collected using a food frequency questionnaire (FFQ) including 55 food items that were considered relevant to phytoestrogen intake among adolescent females in North America. Participants indicated their average frequency of consumption in terms of the specified serving size by checking one of the four frequency categories ranging from ''never or hardly ever'' to ''at least once a day.'' The nutrient database for fiber, vegetable protein, and vegetable fat was developed using the US Department of Agriculture National Nutrient Database for Standard Reference, Release 25 [25] . The average daily nutrient intake from a given food was calculated by multiplying its assigned portion size by the number of servings/day and its nutrient content. The daily nutrient intake for each participant was then estimated by summing across all relevant food items.
A modified 178-item Block FFQ was used to measure dietary intake during adulthood [23] . Women were asked to report both the frequency and portion size of each food/ supplement item consumed 2 years before study enrollment to reduce any bias due to changes in diet after cancer diagnosis. The frequency of consumption of each food was multiplied by reported portion size to obtain the amount of daily intake, which was then multiplied by the nutrient content of that food. Average daily intakes of nutrients and total energy were calculated using Block Dietary Data Systems with nutrient values from the US Department of Agriculture National Nutrient Database for Standard Reference and national data on food consumption (third National Health and Nutrition Examination Survey and the Continuing Survey of Food Intake by Individuals II) [26] . In a random sample of Ontario women, the modified Block FFQ has been demonstrated to have moderate to high reliability and validity overall (for dietary fiber: Pearson correlation coefficient = 0.84 and 0.62, respectively) [27] .
Statistical analyses
Overall, 3,023 (74 %) of 4,109 eligible breast cancer cases and 3,420 (83 %) of 4,102 eligible controls completed and returned the questionnaires. Cases and controls with more than 10 missing food items on the adolescent FFQ were excluded from the analysis (158 (5.2 %) cases; 121 (3.5 %) controls). For participants with 1-10 blank food items, intakes for missing foods were imputed using the median value among controls [28] .
Adolescent fiber, vegetable protein, and vegetable fat intakes were categorized into quintiles based on the distributions of intakes in controls. Two nut items on the adolescent FFQ (peanuts or peanut butter; other nuts) were used to determine categories for servings of peanuts and peanut butter, other nuts, and total nuts (combined), based on their distributions in controls; those with small numbers of participants were combined to improve stability of the estimates. We used student t-tests and x 2 tests to compare the distributions of breast cancer risk factors between cases and controls. Unconditional logistic regression analyses were used to compute odds ratios (ORs) and 95 % confidence intervals (CIs). In multivariable models, we and C30 kg/m 2 , or unknown), menopausal status and postmenopausal hormone use (premenopausal, postmenopausal non-user, postmenopausal user, or unknown), family history of breast cancer in mother or sister(s) (yes, no, or unknown), oral contraceptive use (never use, ever use, or unknown), adult alcohol consumption 2 years before study enrollment (none,\7, C7 drinks/week, or unknown), parity and age at first birth (nulliparous; 1-2 pregnancies, age at first birth \25 years; 1-2 pregnancies, age at first birth 25-29 years; 1-2 pregnancies, age at first birth C30 years; C3 pregnancies, age at first birth \25 years; C3 pregnancies, age at first birth 25-29 years; C3 pregnancies, age at first birth C30 years; or unknown), and breastfeeding (yes, no, or unknown). The models were further adjusted for adult intakes of dietary fiber and vegetables (servings) 2 years before study enrollment to reduce the confounding effect of adult dietary intakes. Tests for trend were performed using the median value for each category of dietary intakes of interests as a continuous variable in the multivariable model. The interactions between adolescent diet intakes, menopausal status, adult BMI, and family history of breast cancer were assessed by entering cross-product terms in multivariable models. The statistical significance of an interaction term was evaluated using the likelihood ratio test. All statistical analyses were performed by SAS (version 9.3; SAS Institute, Cary, NC, USA). P B 0.05 were considered statistically significant, and all statistical tests were two-sided. Table 1 shows comparisons of 2,865 cases and 3,299 controls on demographic, reproductive, and lifestyle factors. Compared with controls, cases were slightly older, younger at menarche, and reported higher levels of alcohol and dietary fiber intakes 2 years before enrollment but lower levels of fiber and vegetable fat intakes during adolescence. Cases were more likely than controls to be nulliparous and postmenopausal and have a family history of breast cancer among their first-degree relatives. Among parous participants, cases were older at first pregnancy than controls. Among postmenopausal women, cases had menopause at older age and were more likely to report postmenopausal hormone use than controls.
Results
Multivariable-adjusted associations between adolescent diet and breast cancer risk are shown in Table 2 . The risk of breast cancer was lower among women who consumed more fiber during adolescence; the OR comparing the highest with the lowest quintile of intake was 0.69 (95 % CI 0.59-0.82; P trend \ 0.0001). Adolescent fiber intake was mildly correlated with adult dietary fiber intake 2 years before enrollment (r = 0.3), and further adjustment for adult fiber intake slightly reduced the OR to 0.66 (95 % CI 0.55-0.78; P trend \ 0.0001) for the highest versus the lowest quintile of adolescent fiber intake. We also observed a statistically significant inverse association for adolescent vegetable fat intake (OR Q5-Q1 = 0.74; 95 % CI 0.62-0.87; P trend = 0.001). Adjustment for adult vegetable intake did not change this association (OR Q5-Q1 = 0.74; 95 % CI 0.63-0.87; P trend = 0.002). Higher adolescent vegetable protein intake showed a significant trend toward an inverse association with breast cancer (OR Q5-Q1 = 0.80; 95 % CI 0.68-0.95; P trend = 0.01), which remained unchanged after additional adjustment for adult vegetable intake (P trend = 0.01).
The associations between adolescent nut intake and breast cancer risk are shown in Table 3 . Daily consumption of C1 serving of total nuts (including peanuts, peanut butter, and other nuts) during adolescence was associated with 24 % We further analyzed the associations between adolescent diet and breast cancer risk by menopausal status (Table 4) , as well as by BMI, and family history of breast cancer. The significantly reduced risk associated with adolescent intakes of fiber, vegetable protein, total nuts, and peanuts and peanut butter was largely limited to postmenopausal breast cancer (for fiber: OR Q5-Q1 = 0.58; 95 % CI 0.47-0.72; P interaction = 0.04; for vegetable protein: OR Q5-Q1 = 0.71; 95 % CI 0.58-0.88; P interaction = 0.05; for total nuts: OR = 0.68 for C1 serving/day vs. \1 serving/month; 95 % CI 0.52-0.88; P interaction = 0.02; for peanuts and peanut butter: OR = 0.69 for C1 serving/day vs. \1 serving/month; 95 % CI 0.54-0.88; P interaction = 0.01) than for premenopausal breast cancer (for fiber: OR Q5-Q1 = 0.84; 95 % CI 0.64-1.12; for vegetable protein: OR Q5-Q1 = 0.99; 95 % CI 0.76-1.30; for total nuts: OR = 0.92; 95 % CI 0.61-1.37; for peanuts and peanut butter: OR = 0.97; 95 % CI 0.68-1.39). For vegetable fat and other nut intakes during adolescence, comparable inverse associations were observed for premenopausal and postmenopausal breast cancer. There was no significant interaction of adolescent diet with BMI or family history of breast cancer (data not shown).
Discussion
This large, population-based case-control study showed that adolescent dietary fiber, vegetable protein, vegetable fat, and nut intakes were each associated with a reduced risk of breast cancer. The risk was significantly decreased by 34, 26, and 20 % for women in the highest quintile of adolescent fiber, vegetable fat, and vegetable protein intakes compared with those in the lowest quintile, respectively. Moreover, these inverse associations persisted after adjustment for adult dietary intakes. Adolescent nut intake was also associated with a 22-24 % reduced risk. The inverse associations with adolescent intakes of vegetable fat and nuts other than peanuts were not modified by menopausal status, while the decreased risk associated with adolescent fiber, vegetable protein, total nut, peanut and peanut butter intakes was stronger for postmenopausal compared with premenopausal breast cancer. Therefore, dietary fiber, vegetable protein, vegetable fat, and nut intakes during adolescence may convey lifelong protection against breast cancer.
The relationship between adolescent fiber intake and breast cancer risk has been evaluated in four independent studies. A case-control analysis of adolescent diet and breast cancer risk among participants in the NHS, which included 843 cases diagnosed between study enrollment and the return of the high-school diet questionnaire, showed that the highest versus lowest quintile of fiber intake was related to a non-significantly decreased risk (OR Q5-Q1 = 0.78; P trend = 0.09) [19] , which was similar to the result of a retrospective analysis of breast cancer cases identified before the completion of the high-school diet questionnaire in the NHSII cohort (RR Q5-Q1 = 0.81; P trend = 0.11) [18] . There was no significant association between adolescent fiber intake and breast cancer risk in a prospective analysis of premenopausal women in the NHSII cohort [29] . Additionally, in a small study including 172 breast cancer cases and 190 controls, higher fiber intake during adolescence was associated with an increased risk for postmenopausal breast cancer [30] . Most of these analyses controlled for BBD [18, 19, 29] that might be on the etiologic pathway [21] . In this regard, the NHSII study observed that women in the highest quintile of adolescent fiber intake had a significantly 25 % lower risk of proliferative BBD compared with those in the lowest quintile [21] . A meta-analysis of 16 prospective studies concluded that breast cancer risk was reduced by 7 % (95 % CI 2-11 %) for the highest compared with the lowest dietary fiber intake during adulthood [31] . Further adjustment for adult fiber intake did not appreciably change the association between adolescent fiber intake and breast cancer risk in our study, suggesting an important, independent role of adolescent dietary fiber intake in modulating breast cancer development.
The biological mechanism for the observed inverse association of dietary fiber intake with breast cancer risk remains unclear. Dietary fiber could inhibit the intestinal reabsorption and increase the fecal excretion of estrogens [32] , thus reducing their bioavailability. In a dietary intervention study, preadolescent girls (ages 8-10) were randomly assigned to usual care or to an intervention group with a low-fat and high-fiber diet and showed lower serum estradiol and progesterone levels in the intervention group during adolescence [33] . However, such differences did not persist during the transition of adolescence to young adulthood [34] . An inverse association between fiber intake and breast cancer risk may operate through modulating the insulin-like growth factor (IGF) system. In adolescent girls, dietary fiber intake has been positively related to IGF binding protein 3 that has antiproliferative and proapoptotic effects in breast cancer cells [35] .
Our study confirmed a significant inverse association between vegetable fat intake in teenage years and adult breast cancer risk that was reported in the NHS and the NHSII. A prospective analysis of participants in the NHSII showed a 42 % reduced risk of breast cancer for the highest intake of vegetable fat during adolescence [18] . Breast cancer risk was reduced by 15 % for the highest compared with the lowest adolescent vegetable fat intake in a nested case-control study of participants in the NHS [19] . In addition, Baer et al. [22] retrospectively analyzed the association between adolescent diet and subsequent risk of proliferative BBD in the NHSII. Those in the top quartile of vegetable fat consumption had a 27 % reduced risk of proliferative BBD. The Growing up Today Study (GUTS) prospectively collected childhood and adolescent diet and physical activity information from girls (ages 9-15), and daughters of NHSII participants. In that study, vegetable fat intake at age 11, but not at age 14, was related to a reduced risk of subsequent biopsy-confirmed BBD with an OR of 0.72 for every 10 g daily intake [20] .
Childhood and adolescent soy food or soy protein intake among Asians and Asian Americans has been shown to have a greater or additive protective effect on breast cancer risk compared to adult intake alone [10, 36] . In these studies, vegetable protein intake was not reported. In the GUTS, a reduced risk of biopsy-confirmed BBD was observed in young women who consumed higher vegetable protein at age 14, but not at age 11 [20] . In our study, vegetable protein intake at ages 10-15 was inversely associated with breast cancer risk, which was more pronounced for postmenopausal breast cancer. More epidemiologic and experimental studies are needed to clarify vegetable protein consumed in teenage years in relation to breast cancer development.
Nuts are rich in unsaturated fatty acids, particularly monounsaturated fatty acids, and also sources of other bioactive compounds, such as vegetable protein, fiber, and phytosterols [37] . We observed a 24 % lower risk of breast cancer for women who consumed one or more serving (1 serving = 4 tablespoons) of nuts/day at ages 10-15 compared with those who consumed less than a serving/month, which was consistent for peanuts and peanut butter, and other nuts, separately or in combination (as total nuts). In the NHSII cohort, women who ate two or more small bags (1 bag = 1 oz) of peanuts and other nuts/week in high school had a 36 % lower risk of proliferative BBD [21] . Peanut butter and nut intakes at ages 11 and 14 was also significantly associated with a reduced risk of BBD in young women from the GUTS [20] . However, there was no association between adult nut intake and breast cancer risk in the Malmo Diet and Cancer cohort [38] . These results suggest that nut intake during adolescence may be more relevant to breast carcinogenesis as compared with nut intake in adult life.
This study had several limitations. First, the validity of dietary information at ages 10-15 that was recalled 10-59 years later is unknown, although recall of adolescent diet by young adults has been reported to be valid and reproducible [39, 40] . Second, the 55-item FFQ was designed to capture phytoestrogen intake and might not provide a complete record for other dietary factors. Although nuts and dietary fiber were fairly well represented on the FFQ, the list of vegetable fat and vegetable protein sources was incomplete, excluding items such as snack foods (e.g., crackers/chips), added fats, baked goods, and pasta [41, 42] . This may be a reason for a lower level of estimated intakes of these nutrients in our study as compared with the literature [20, 21] . Another limitation is the possibility of differential measurement errors because adolescent diet was asked after cancer diagnosis. However, previous analyses of phytoestrogen intake and breast cancer risk in our sample showed a significant decrease in the risk for adolescent phytoestrogen intake [24] but results were less consistent for adult phytoestrogen intake [23] . In the current analysis, adult fiber intake was not significantly associated with breast cancer risk (OR Q5-Q1 = 1.08; 95 % CI 0.91-1.28; P trend = 0.07). Thus, differential misclassification could not be an explanation for the inverse association of adolescent diet with breast cancer risk.
In summary, our study adds further evidence that intakes of dietary fiber, vegetable protein, vegetable fat, and nuts during adolescence are associated with a lower risk of breast cancer. This supports other evidence for the important role of dietary exposures during a critical period in life, when breast tissue is likely at its most vulnerable stage in breast cancer development. These results, if further substantiated, suggest that increasing intakes of fruits, vegetables, and grains as recommended by the American Cancer Society [43] with addition of nuts to diets of adolescent girls may represent an important opportunity for breast cancer prevention.
